1. Introduction {#sec1}
===============

The African continent has a huge biodiversity with a high number of plants used for medicinal \[[@B1]\], food and in traditional ceremonies. In recent years, there has been a gradual revival of interest in the use of medicinal plants in developing nations \[[@B2]\]. Despite the existence of hospitals in developing countries and laws that consider traditional medicine as an illegal act, the valorization of the traditional medicine has become an early criterion of identity as well as rights of health and education \[[@B3]\]. In the same way, it was reported that about 80% of Africans use medicinal plants to treat various diseases \[[@B4]\]. Among the medicinal plants, cola nut (*Cola nitida*) highly spreads in Africa and particularly in Benin.

Indeed,*C. nitida* is a plant native to tropical West Africa and belongs to Sterculiaceae family \[[@B5]\]. This plant is nowadays cultivated from Senegal to Nigeria, in the West Indies and South America \[[@B6]\]. In West African\'s forest areas, cola is perhaps second in importance to the palm tree as an indigenous cash crop \[[@B7]\]. Cola nut has been an important article of international trade in many parts of Africa \[[@B8]\]. The nuts of*C. nitida* contain about two percent of caffeine and are chewed by many people as a stimulant. It is a very special and important item used in social and ceremonial activities by Africans. The nuts of cola also have industrial usage for the production of drugs, soft drinks, wines, candies, and beverages \[[@B9]\] such as Coca-Cola and Pepsi-Cola \[[@B10]\]. It has many pharmacological properties and contains some active principles: it prevents sleep, thirst, and hunger and acts as an antidepressant \[[@B7]\]. The cola nuts are source of antioxidants and contain a wide array of complex secondary plant metabolites such as theobromine, d-catechin, L-epicatechin, and kolatin \[[@B11]\]. The use of the plant in the treatment of certain diseases has been reported by several authors \[[@B12], [@B13]\].

Nowadays there exist more than 250 types of infections caused by bacteria and fungi \[[@B14], [@B15]\]. Among these microorganisms, we find the*Pseudomonas*,*Escherichia coli* \[[@B16]\], and bacteria of the genus*Staphylococcus* that are known to be one of the main elements of human physiological flora \[[@B17]\] and are responsible of many diseases \[[@B18]--[@B20]\]. In the rank of fungi, the moulds producing toxins are mainly of genus*Aspergillus*,*Penicillium*, and*Fusarium* \[[@B21]\]. With the advent of modern medicine and for the treatment of infections, abusive and often uncontrolled use of antibiotics brings up a phenomenon of resistance in most of the bacteria and fungi. Beyond infectious diseases, oxidative stress is a very serious phenomenon that can trigger molecular and cellular events in the body. The consequences are multiple, such as cancer \[[@B22]\], cerebral and cardiovascular diseases, diabetes, and hypertension \[[@B23]\].

To face these health problems (resistance of microorganisms and natural phenomenon of production in the body of the free radicals), the track of medicinal plants deserves to be explored. In this direction in Benin, several ethnobotanical studies \[[@B24]--[@B26]\] have focused for several years on identifying medicinal species. Others have demonstrated the efficacy of medicinal plants in the fight against certain fungal strains \[[@B27]\], and pathogenic Gram-positive and Gram-negative bacteria involve several pathologies \[[@B28]\]. Furthermore, in Benin, very little study has been conducted on*C. nitida*, and the references which relate to its phytochemical composition and its biological properties are quasi-nonexistent. In the same way the work realized on the species in other countries concerns seed; those concerning species bark are rare and the results are disparate. The aim of this study was to make the phytochemical screening of*C. nitida* bark and to investigate*in vitro* some biological (antimicrobial, antifungal, and cytotoxic) activities of its extracts.

2. Material and Methods {#sec2}
=======================

2.1. Collection of Plant Material {#sec2.1}
---------------------------------

The bark of*C. nitida* was collected in the village of Aglogbè (commune of Adjarra: 6°24′0′′N, 2°12′0′′E), Department of Oueme, southern Benin. The plants materials were air-dried at 25°C--30°C for two weeks, ground, and sieved into a bark powder. The smooth powder was stored in airtight glassware and kept in darkness at −20°C until use.

2.2. Phytochemical Profiling {#sec2.2}
----------------------------

The phytochemical profiling of the bark of*C. nitida* to determine the major constituents (nitrogenous, polyphenolic, and terpenic compound and glycosides) was done according to Houghton and Raman \[[@B29]\].

2.3. Preparation of Ethanol and Ethyl Acetate Extracts {#sec2.3}
------------------------------------------------------

These extracts were made using an adapted method of the one described by Sanogo et al. \[[@B30]\] and N\'Guessan et al. \[[@B31]\]. This method consisted of macerating 50 g of*C. nitida* powders in 500 mL of 96% ethanol for 72 hours. The obtained extract was filtered thrice using Whatman filter paper. Half of the filtrate was directly dried at 40°C to obtain the ethanolic extract of*C. nitida*. To the second half of the filtrate, 200 mL of H~2~O and 100 mL of ethyl acetate were added. The solution was gently mixed and left settled until we obtain two phases (about 45 min). The lower phase was collected and dried as described previously to obtain the ethyl acetate extract. The alcoholic and ethyl acetate extracts were stored in labeled sterile bottles and kept at −20°C until further use.

2.4. Microorganism\'s Cultures {#sec2.4}
------------------------------

The tested microorganisms include ten references, twenty height*Staphylococcus* meat isolated strains, and three fungal strains (*Penicillium citrinum*,*Aspergillus tamarii*, and*Fusarium verticillioides*). The three fugal strains were part of the microorganisms isolated in the Beninese traditional cheese wagashi by Sessou et al. \[[@B27]\]. The reference strains were*Escherichia coli* ATCC 25922,*Staphylococcus aureus* ATCC 29213,*Staphylococcus epidermidis* T22695,*Pseudomonas aeruginosa* ATCC 27853,*Proteus mirabilis* A24974,*Micrococcus luteus* ATCC 10240,*Proteus vulgaris* A25015,*Streptococcus oralis*,*Enterococcus faecalis* ATCC 29212, and*Candida albicans* MHMR. The*Staphylococcus* strains used in this study were those isolated from three different meat products in Ivory Coast by Attien et al. \[[@B32]\] and stored in the Laboratory of Biology and Molecular Typing in Microbiology (University of Abomey-Calavi, Benin).

2.5. Antimicrobial Activity {#sec2.5}
---------------------------

### 2.5.1. Sensitivity Test {#sec2.5.1}

The disc diffusion method \[[@B33]\] was used to screen the antimicrobial activity. Briefly, two to three sterile paper discs (6 mm as diameter) were lodged, under aseptic conditions, on Mueller Hinton agar Petri dish previously flooded with the appropriate bacterial culture (adjusted to 0.5 McFarland standard). The discs were aseptically impregnated with 25 *μ*L of*C. nitida* extract solution (20 mg/mL). These dishes were kept for 15--30 min at room temperature before incubation at 37°C for 24 and 48 hours.

After the incubation period, the dishes were examined for inhibitory zones \[[@B34]\]. Each sample was used in triplicate for the determination of antibacterial and antifungal activity. Blank disc impregnated with solvent was used as negative control.

### 2.5.2. Determination of Minimum Inhibitory Concentrations (MIC) {#sec2.5.2}

The minimum inhibitory concentrations (MIC) of crude extract of plants were performed by macrodilution method \[[@B35]\]. First, the extracts were diluted in sterilized distilled water to the highest concentration of 20 000 *μ*g/mL and then nine dilutions were performed to obtain the concentrations of 10 000 *μ*g/mL, 5 000 *μ*g/mL, 2 500 *μ*g/mL, 1 250 *μ*g/mL, 625 *μ*g/mL, 312.5 *μ*g/mL, 156.25 *μ*g/mL, 78.12 *μ*g/mL, and 39.06 *μ*g/mL in screw tube. To 1 mL of the above concentrations was added 1 mL of the bacteria inoculum (10^6^ UFC/ml) to obtain 2 mL as a final volume. Culture medium without samples and others without microorganisms were used in the tests as control. Tubes were incubated at 37°C for 18--24 hours and growth was indicated by turbidity. The MIC is the lowest concentration of the compound at which the microorganism tested does not demonstrate visible growth (turbidity).

### 2.5.3. Minimum Bactericidal Concentration (MBC) {#sec2.5.3}

The minimum bactericidal concentration (MBC) of the tested microorganisms was determined by subculturing the test dilutions onto a fresh solid medium and further incubation for 18--24 h. The highest dilution that yielded no bacterial growth on solid medium was taken as MBC \[[@B36]\].

2.6. Evaluation of the Cytotoxicity Activity of*Cola nitida*\'s Bark Extracts {#sec2.6}
-----------------------------------------------------------------------------

The cytotoxic effect of the extracts was evaluated according to an adaptation of the method described by Kawsar et al. \[[@B37]\]. The tests are carried out twice on 72 h larvae of*Artemia salina*. Briefly, a test was constituted of 16*A. salina* larvae in a 2 mL solution containing 1 mL of the extract tested concentration and 1 mL of sea water. The number of surviving larvae is counted after incubation (24 h) and the DL~50~ was calculated using the regression line obtained from the surviving larvae in function of the extracts concentration representation.

2.7. Antifungal Activity {#sec2.7}
------------------------

The*in vitro* antifungal activity of the extracts was evaluated according to the method previously described by Kumar et al. \[[@B38]\] and Dohou et al. \[[@B39]\]. The assay was performed on the Potato-Dextrose Agar medium. Briefly, the extracts (20 mg/mL) used for the antifungal activity were dissolved with sterilized distillated water or if necessary with a water-ethanol mixture (60 : 40). One mL of the dissolved extract (20 mg/mL) was thoroughly mixed with 10 mL of the sterilized Potato-Dextrose Agar medium before it was transferred to sterile Petri dishes for solidification. After the medium solidification, a sterile 6 mm disc treated with fungal strain was placed in each Petri plate. Each treatment was replicated twice. Plates were incubated at 25 ± 1°C for 5 days. Fungal radial growth was measured by averaging the two diameters taken from each colony. Percentage growth inhibition of the fungal colonies was calculated using the formula $$\begin{matrix}
{\text{Inhibition}{\,\,}\text{Percentage}\,\left( \% \right)} \\
{\quad = \frac{\text{Control's}{\,\,}\text{growth} - \text{Treatment's}{\,\,}\text{growth}{\,\,}}{\text{Control's}{\,\,}\text{growth}} \times 100.} \\
\end{matrix}$$

2.8. Antioxidant Activity Determinations {#sec2.8}
----------------------------------------

The antioxidant activity was measured using both DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS \[2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)\] methods.

The ABTS assay was conducted according to the method described by Re et al. \[[@B40]\]. The working solution of ABTS^+^ (10 mg of ABTS, 2.6 mL of deionized water, and 1.72 mg of potassium persulphate) was left to stand at room temperature for 12 h in the dark before use. This solution was diluted with ethanol until obtaining an absorbance of 0.70 ± 0.02 at 734 nm. Twenty *μ*L of each extract sample (1 mg/mL) was diluted with a fresh prepared ABTS solution to a total volume of 1 mL. All the assays were performed in triplicate, the absorbance was read after 15 min in dark at 734 nm, and the reference molecule was ascorbic acid. The concentration of compounds with a capability to reduce ABTS^+^ radical cation is expressed as *μ*mol equivalent ascorbic acid (*μ*mol EqAA) per gram of dry extract using the following formula used by Guenne et al. \[[@B41]\].

The DPPH method was conducted by adaptation as described by Scherer and Godoy \[[@B42]\]. Equal volumes (100 *μ*L) of DPPH (50 *μ*M) and plant extracts (200 *μ*g·mL^−1^) were mixed in a 96-well microplate and allowed to stand in darkness for 20--30 min at room temperature. Then, the absorbance was read at 517 nm and the blank was a mixture of methanol and DPPH (v : v). The inhibitory percentage of DPPH radical indicating the antioxidant activity of extracts and quercetol, gallic acid was obtained using the formula established by Schmeda-Hirschmann et al. \[[@B43]\].

The concentration providing 50% inhibition (IC~50~) was determined graphically using a calibration curve in the linear range by plotting the extract concentration and the corresponding scavenging effect. Antioxidant activity index (AAI) was calculated according to the formula used by Scherer and Godoy \[[@B42]\].

2.9. Statistical Analysis {#sec2.9}
-------------------------

All experiment was done in triplicate and data thus obtained were reported as a mean ± standard deviation (SD). The data were analyzed using GraphPad Prism 5 software. Differences of *P* \< 0.05 were considered significant.

3. Results {#sec3}
==========

3.1. Phytochemical Screening {#sec3.1}
----------------------------

The result of phytochemical screening of*C. nitida*\'s bark powder revealed the presence of various potent phytochemicals such as tannins, saponins, and flavonoids ([Table 1](#tab1){ref-type="table"}).

3.2. Antibacterial Activity {#sec3.2}
---------------------------

The results of antibacterial activity using ethanol and ethyl acetate extract of*C. nitida* (20 mg/mL) showed a various effect on reference and meat isolated strains. Indeed, among the reference strains, we observed that there was an antimicrobial activity on all the strains except*E. coli* ([Table 2](#tab2){ref-type="table"}). Then, 90% (9/10) of the tested reference strains were sensitive to*C. nitida*\'s ethanol and ethyl acetate extracts.

Concerning the meat isolated strains, our data displays that 78.57% (22/28) of the tested strains were sensitive to ethyl acetate extracts against 67.85% (19/28) for the ethanol extract ([Figure 1](#fig1){ref-type="fig"}).

### 3.2.1. Susceptibility {#sec3.2.1}

The inhibitory diameter zones of the sensitive strains vary according to species and the kind of extract. Thus, for the reference strains, [Figure 2](#fig2){ref-type="fig"} indicated that there was not a significant variation of the diameter of inhibitory zones according to the time (*P* \> 0.05) with both ethanol extract ([Figure 2(a)](#fig2){ref-type="fig"}) and ethyl acetate extract ([Figure 2(b)](#fig2){ref-type="fig"}). There was not also any significant difference comparing the inhibition diameters of the meat isolated*Staphylococcus* strains (Figures [2(c)](#fig2){ref-type="fig"} and [2(d)](#fig2){ref-type="fig"}).

[Figure 3](#fig3){ref-type="fig"} shows that, in most of the cases, the susceptibility of the tested reference strains varied depending on the kind of solvent used for the extraction but their effect was not statistically different (*P* \> 0.05). Globally, in both reference strains ([Figure 3(a)](#fig3){ref-type="fig"}) and meat isolated ones ([Figure 3(b)](#fig3){ref-type="fig"}), the ethyl acetate extracts were more efficient. Thus, in the reference strains we observed the highest diameter on*C. albicans* (17.5 ± 0.7 mm) and the lowest on*P. vulgaris* (9.5 ± 0.7 mm). But, only with*S. oralis*, the same diameters were obtained with both ethanol and ethyl acetate extracts (15.5 ± 0.7 mm). With the meat isolated*Staphylococcus*strains, the highest diameter was observed on*S. lentus* using both ethyl acetate extract (18.19 ± 1.04 mm) and ethanol extract (16.33 ± 1.15 mm).

### 3.2.2. Determination of Minimum Inhibitory Concentrations (MIC) {#sec3.2.2}

[Table 3](#tab3){ref-type="table"} shows the minimum inhibitory concentrations (MIC) of*C. nitida*\'s bark extracts on ten reference strains and on twenty height strains of nine*Staphylococcus* species isolated from meat products.

Considering the reference strains, the mean concentration values widely vary, depending on the tested strains, and ranged from 0.312 mg/mL to 5.000 mg/mL. For ethyl acetate extract, the lowest MIC was 0.312 mg/mL with*Candida albicans*. Five strains (*Staphylococcus aureus*,*Pseudomonas aeruginosa*,*Proteus mirabilis*,*Proteus vulgaris*, and*Enterococcus faecalis*) display MIC of 1.25 mg/mL whereas the highest concentration (2.5 mg/mL) value was recorded with*Micrococcus luteus*. Considering the ethanol extract, the largest MIC was observed on*Micrococcus luteus* (5 mg/mL), while the most sensitive strains displaying the lowest MIC (0.312 mg/mL) were*Staphylococcus aureus*,*Streptococcus oralis*, and*Enterococcus faecalis*. Three other strains (*Proteus mirabilis*,*Staphylococcus epidermidis*, and*Proteus vulgaris*) had 1.25 mg/mL as MIC value.

For the meat isolated strains, it globally appears that the mean values ranged from 0.078 mg/mL to 1.250 mg/mL. For ethyl acetate extract, the lowest MIC was 0.078 mg/mL with three species of*Staphylococcus* (*S. equorum*,*S. saprophyticus*, and*S. lentus*) and the largest MIC (0.625 mg/mL) was observed with*S. haemolyticus*. Considering the ethanol extract, the largest MIC (1.25 mg/mL) was observed on*S. aureus* and*S. xylosus* while the most sensitive strain displaying the lowest MIC (0.078 mg/mL) was*S. haemolyticus*. The other values for the MIC were 0.156 mg/mL (*S. equorum* and*S. lentus*), 0.312 mg/mL (*S. simulans* and*S. saprophyticus*), and 0.625 mg/mL (*S. sciuri* and*S. cohnii*).

### 3.2.3. Determination of the Minimum Bactericidal Concentration (MBC) {#sec3.2.3}

[Table 4](#tab4){ref-type="table"} presents the MBC of*Cola nitida*\'s bark extract on ten reference strains and on twenty height meat isolated*Staphylococcus* strains.

For the reference strains, results show that the MBCs varied (from 1.25 mg/mL to**\>**20 mg/mL) according to the bacterial strains and the kind of extract. With the ethanol extract, the lowest MBC was 2.5 mg/mL (*S. aureus*,*P. aeruginosa*,*S. epidermidis*,*E. faecalis*, and*C. albicans*) whereas the highest was \>20 mg/mL (*M. luteus*). With the ethyl acetate extract, the highest MBC was \>20 mg/mL (*M. luteus*) and the lowest (1.25 mg/mL) was recorded on*S. aureus* and*E. faecalis*.

Considering the meat isolated strains, our data displays that the MBC of the tested extracts varied from 0.625 mg/mL to 5 mg/mL depending on the tested*Staphylococcus* species. Using ethanol extract, the lowest MBC (0.625 mg/mL) was observed on*S. equorum* while the highest MBC (5 mg/mL) was obtained with this extract on*S. cohnii* and*S. xylosus*. With the ethyl acetate extract, the largest MBC (5 mg/mL) was obtained on*S. xylosus* while the lowest MBC (0.625 mg/mL) was obtained on*S. sciuri*,*S. equorum*,*S. saprophyticus*, and*S. lentus*.

### 3.2.4. Evaluation of Bactericidal and Bacteriostatic Effects of*Cola nitida* Bark Extracts {#sec3.2.4}

The ratio MBC/MIC was calculated to evaluate the kind of effect exerted by the*Cola nitida* bark extracts on the tested strains. Our data displays that the extracts have both bactericidal and bacteriostatic effects on reference and meat isolated strains. Thus, with the reference strains, the ethyl acetate extract has bactericidal effect on*S. aureus*,*P. aeruginosa*,*S. epidermidis*, and*E. faecalis*. The ethanol extract had a bactericidal effect on only*S. epidermidis* ([Table 5](#tab5){ref-type="table"}). With the meat isolated*Staphylococcus strains*, we observed a bactericidal effect on*S. sciuri* (with ethyl acetate extract) and*S. aureus* (with ethanol extract), while all the other strains show the bacteriostatic effect in presence of the tested extracts ([Table 5](#tab5){ref-type="table"}).

3.3. Antifungal Activity of*Cola nitida* Bark Extracts {#sec3.3}
------------------------------------------------------

[Figure 4](#fig4){ref-type="fig"} indicated that the antifungal activity using ethanol and ethyl acetate extracts of*C. nitida* (1.8 mg/mL) was statistically variable in regard of the used fungal strains (*P* = 0.0016). The inhibitory rate varies from 20 to 46.7%. Moreover, the antifungal effect varies according to the kind of extract (*P* = 0,007). Indeed, the interaction between the strains and the ethyl acetate extract displays a difference of action considering*F. verticillioides* and*A. tamari* (*P* \< 0.01) and then*F. verticillioides* and*P. citrinum* (*P* \< 0.001). With the ethanol extract, there was no statistical difference independently of the strains (*P* \> 0.05).

3.4. Antioxidant Activity of*Cola nitida* Bark Extracts {#sec3.4}
-------------------------------------------------------

[Table 6](#tab6){ref-type="table"} shows the radical scavenging activity by DPPH. Our data reveal that the IC~50~ of the ethanol extract (9.00 ± 1.73 *μ*g·*μ*L^−1^) was about two times higher than the one observed with the ethyl acetate extract (4.53 ± 0.98 *μ*g·*μ*L^−1^). Moreover, it appears that the IC~50~ values of the reference molecules (quercetin and gallic acid) are lower than the tested extracts. The ethyl acetate extract of*C. nitida* had an AAI value (11.02 ± 1.49 *μ*g·*μ*L^−1^) higher than the one observed with the ethanol extract (5.71 ± 1.23 *μ*g·*μ*L^−1^).

[Table 6](#tab6){ref-type="table"} shows also the antioxidant activity of*Cola nitida* bark extracts as the ability to reduce ABTS^∙+^ cation. This activity was determined from a linear regression curve (*y* = −0.001*x* + 0.5721, *R* ^2^ = 0.9715). Data in [Table 6](#tab6){ref-type="table"} indicate that the extracts of*Cola nitida* have more significant activity than the one obtained with ascorbic acid used as reference (35.02 ± 0.73 *μ*molEqAA·g^−1^). In addition our data indicate that the ethanol extract reduces more the ABTS^∙+^ cation than the DPPH one. Nevertheless, independently of the methods, the two*Cola nitida* extracts follow the same efficacy order.

3.5. Cytotoxicity Assay of*Cola nitida*\'s Bark Extracts {#sec3.5}
--------------------------------------------------------

The bioassay to determine the lethality effect of*Cola nitida*\'s bark extracts on*Artemia salina* was used to evaluate the cytotoxicity of our extracts. Thus, [Figure 5](#fig5){ref-type="fig"} indicates the evolution of mortality according to the tested concentrations of our extracts. Indeed, for the ethanol extracts, the mortality of the*A. salina* larvae was observed from the concentration of 0.52 mg·mL^−1^ whereas the killing effect started to be perceptible at 1.04 mg·mL^−1^.

4. Discussion {#sec4}
=============

The qualitative screening of*Cola nitida*\'s bark extracts revealed the presence of various phytochemical components such as tannins, flavonoids, and saponins ([Table 1](#tab1){ref-type="table"}). The presence of tannins in our tested extracts suggests the probable biological activities. Indeed, tannins are reported not only to promote tissue regeneration in case of superficial burn injury but also to have antibacterial, antiviral, antifungal, and antioxidant effects \[[@B44]\]. The presence of flavonoids in the extracts indicates their potentiality to reduce*in vitro* cholesterol agents and to induce an antifungal activity \[[@B44], [@B45]\]. Flavonoids are known to inhibit *α*-amylase activity which regulates the amount of glucose in the blood; therefore the extracts of*C. nitida* can be used as an antidiabetic. The presence of flavonoids and saponins has earlier been reported in 2009 by N\'Guessan et al. \[[@B46]\] in Côte d\'Ivoire during their work on the same plants. Nevertheless, we observed in our study the absence of triterpene and steroid and the presence of tannins whereas triterpene and steroid were observed without tannins in the same organ of the plant \[[@B46]\] and the other parts of the same plant \[[@B13], [@B47]\]. These observations may be probably due, in the case of the same organ, to the collection conditions such as origin of the plants, the conditions, and the periods of harvesting organs. We should notice that the environment may influence the synthesis and expression of phytochemical components in the plant \[[@B48]--[@B52]\]. Some plant physiologists went further saying that plants components can be produced only at a certain time and/or in a determined condition. For the same plant species, there is an unequal distribution of secondary metabolites through the organs.

Among the ten reference strains, at the unique concentration of 20 mg/mL, the ethanol and ethyl acetate extracts have inhibited the growth of yeast and Gram + and Gram − bacteria ([Table 2](#tab2){ref-type="table"}). An antimicrobial effect was not observed on*E. coli* at the used concentration. This observation on the susceptibility of*E. coli* is different from those observed in 2011 by Indabawa and Arzai \[[@B53]\] during their study on the antibacterial activity on the seed of*C. nitida*. Indeed, those authors found that*C. nitida*\'s seed aqueous extract inhibits the growth of*E. coli* at the concentration of 500 *μ*g/mL. That difference can be explained by the fact that we do not use the same organs.

Concerning the meat isolated*Staphylococcus strains*, our results indicate that the solvent plays a role in the extraction of active principles ([Figure 1](#fig1){ref-type="fig"}). The ethanol extracts are less effective than ethyl acetate extracts (*P* = 0.028) on meat isolated*Staphylococcus strains*. These results are similar to those of Bolou et al. \[[@B54]\] obtained during their study on*Terminalia glaucescens* when they demonstrated that the ethyl acetate extract was more effective than the ethanol extract at the same dose on certain microorganisms. The possible explanation to the difference of activity between the two extracts may be the ability of solvent to solubilize and extract some phytomolecules. Thus, according to Cowan \[[@B55]\], during the liquid-liquid extraction, phytomolecules are distributed between the solvents according to their polarity and solubility. It can be thus concluded that the active antimicrobial compounds contained in the bark of*C. nitida* are more soluble in the ethyl acetate solvent than ethanol one. The active antistaphylococcal principles contained in the bark of*C. nitida* are more concentrate by ethyl acetate.

Analyzing [Figure 2](#fig2){ref-type="fig"}, it appears that the inhibition zone diameters were not significantly different independently of the extract solvent regardless of duration (24 h and 48 h) on both reference (Figures [2(a)](#fig2){ref-type="fig"} and [2(b)](#fig2){ref-type="fig"}) and food isolated strains (Figures [2(c)](#fig2){ref-type="fig"} and [2(d)](#fig2){ref-type="fig"}). Our results are different from those of Arekemase et al. \[[@B56]\] in their study when they observed a significant difference of inhibition diameters in the time. We can notice that Arekemase et al. \[[@B56]\] used 10 times higher concentration to the one we used; that may thus be one of the reasons. Indeed, with the highest concentration, it is possible to have an increase of the inhibition diameter because the active antimicrobial substance is in excess.

The minimum inhibitory concentration (MIC) was variable depending on the strains and extracts ([Table 3](#tab3){ref-type="table"}). Our found concentrations were higher than those reported by Dahake et al. \[[@B57]\] when they proved that*S. aureus* and*Bacillus subtilis* were more sensitive to the ethanol leaf extract of*Anacardium occidentale* with MIC = 15.62 *μ*g/mL. The difference may probably be due to the divergent extraction methods and the different origins of strains used. Indeed, depending on the extraction methods, the antimicrobial agents extracted may have different concentrations. Also, this indicates that*C. nitida*\'s bark extracts were less active at lowest concentration compared with those of*A. occidentale*.

The minimum bactericidal concentrations (MBCs) were variable according not only to the strains but also to the type of extracts ([Table 4](#tab4){ref-type="table"}). Our results were not the same as those obtained by Sika et al. \[[@B28]\] reporting a range of 0.078 to 0.625 mg/mL (for reference strains) and from 0.078 to 1.25 mg/mL (for meat isolated*Staphylococcus*strains) as MBCs during an*in vitro* test on*A. occidentale* extracts. As the used strains are from the same origin, the difference may be due to the phytochemical composition of the extracts.

The ratio between the MIC and MBC shows that, according to the strains, extracts have both bactericidal and bacteriostatic effects on reference and food isolated strains ([Table 5](#tab5){ref-type="table"}). The two kinds of activities were already reported in previous studies on some plants such as*Erythrina senegalensis* \[[@B58]\] and*A. occidentale* \[[@B28]\].

The antifungal activity of*Cola nitida*\'s bark extracts ([Figure 3](#fig3){ref-type="fig"}) was statistically variable in regard of the used fungal strains (*P* = 0.0016). Independently of the extracts,*A. tamarii* was the most resistant strain. Indeed, the limits established by Reyes et al. \[[@B59]\] allow concluding that our extracts have antifungal activity against the three tested strains. In comparison with studies performed using*C*.*nitida*\'s seeds on one hand on*Aspergillus niger* and*Aspergillus fumigatus* in Nigeria \[[@B60]\] and on the other hand in Côte d\'Ivoire against*Fusarium oxysporum* \[[@B61]\] we can conclude that the bark of*C. nitida* has an interesting antifungal activity. Indeed, in their study in Nigeria (80 mg/mL) and Cote d\'Ivoire (3.04 mg/mL), these authors reported extremely high concentration in comparison to the 1.8 mg/mL we used in our study.

The antioxidant activity of different extracts by both methods (DPPH and ABTS) is reported in [Table 6](#tab6){ref-type="table"}. Our results, with the DPPH method, corroborate those reported in Cameroon by Momo et al. \[[@B62]\] on the stems of*Cola nitida* extracts (ethanol and aqueous extract) and in Nigeria on the seed of*C. nitida* \[[@B12]\]. Indeed, Momo et al. \[[@B62]\] found out that the ethanol extract of*C. nitida* stems has a high DPPH reduction percentage whereas the aqueous extract does not have any reduction activity of DPPH radical. This result suggests that the extraction solvent plays an important role in the scavenging of free radical. In their studies, Ayebe et al. \[[@B12]\] and Momo et al. \[[@B62]\] reported the highest IC~50~ values in comparison to ours. The difference of values may be due to the used organs: bark in our study, seed in Nigeria \[[@B12]\], and stem in Cameroon \[[@B62]\]. To end, we can also notice that the reduction of free radical ability varies from a reference molecule to another and from an extract to another; this variation may be due to the concentration of antiradical molecules and assays conditions. Therefore, considering the Antiradical Indexes Activity \[[@B41]\], we can conclude that the*Cola nitida* bark ethanol and ethyl acetate extracts have a strong free radical scavenging activity (AAI \> 2). Combining the two methods (DPPH and ABTS), we observe that*Cola nitida*\'s bark extracts have an excellent reducing free radical activity.

Referring to the values reported by Mousseux \[[@B63]\], the two extracts of*C. nitida*\'s bark we tested in our studies ([Figure 5](#fig5){ref-type="fig"}) are not toxic at the tested doses. Our result corroborates those found in Nigeria by Ayebe et al. \[[@B12]\] during their study testing the toxicity of*Cola nitida*\'s seeds aqueous extract on the rat.

5. Conclusion {#sec5}
=============

Through the obtained results, we can say that*Cola nitida*\'s bark contains many secondary metabolites dominated by polyphenol compounds. The presence of those compounds confers to*C. nitida*\'s bark, through the ethanol and the ethyl acetate extract, some important biological activities. The tested extract displays more bactericidal effect on reference strains than on meat isolated*Staphylococcus* strains. For most of the investigated biological activity, the ethyl acetate extract is more effective than the ethanol extract. The more purified extracts of*C. nitida*\'s bark can be useful both in food conservation and in human medicine.
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![Antimicrobial effect of*C. nitida* extracts on*Staphylococcus* strains isolated from meat.](BRI2015-493879.001){#fig1}

![Medium inhibitory diameter zone of*C. nitida* extracts on reference and meat isolated*Staphylococcus* strains after 24 h and 48 h of incubation. Reference strains are the following:*S. aur.*:*Staphylococcus aureus*,*M. lut.*:*Micrococcus luteus*,*S. epi.*:*Staphylococcus epidermidis*,*S. ora.*:*Streptococcus oralis*,*Ps. aer.*:*Pseudomonas aeruginosa*,*E. foe.*:*Enterococcus faecalis*,*P. vul.*:*Proteus vulgaris*,*E. coli*:*Escherichia coli*,*C. alb.*:*Candida albicans*,*P. mir.*:*Proteus mirabilis*; meat isolated strains are the following:*S. sci.*:*S. sciuri*,*S. aur.*:*S. aureus*,*S. sim.*:*S. simulans, S. xyl.*:*S. xylosus, S. coh.*:*S. cohnii*,*S. equ.*:*S. equorum*,*S. sap.*:*S. saprophyticus*,*S. hae.*:*S. haemolyticus*, and*S. len.*:*S. lentus*.](BRI2015-493879.002){#fig2}

![Comparison of medium inhibitory diameter of*C. nitida*\'s ethyl acetate extract and ethanol extract on reference strains and meat isolated*Staphylococcus* strains. Reference strains are the following:*S. aur.*:*Staphylococcus aureus*,*M. lut.*:*Micrococcus luteus*,*S. epi.*:*Staphylococcus epidermidis*,*S. ora.*:*Streptococcus oralis*,*Ps. aer.*:*Pseudomonas aeruginosa*,*P. vul.*:*Proteus vulgaris*,*E. coli*:*Escherichia coli*,*C. alb.*:*Candida albicans*,*P. mir.*:*Proteus mirabilis*; meat isolated strains are the following:*S. sci.*:*S. sciuri*,*S. aur.*:*S. aureus*,*S. sim.*:*S. simulans*,*S. xyl.*:*S. xylosus*,*S. coh.*:*S. cohnii*,*S. equ.*:*S. equorum*,*S. sap.*:*S. saprophyticus*,*S. hae.*:*S. haemolyticus*, and*S. len.*:*S. lentus.* ^\*^ *P* \< 0.05; ^\*\*^ *P* \< 0.01.](BRI2015-493879.003){#fig3}

![Inhibition rate of*Cola nitida*\'s extracts in the fungal growth.](BRI2015-493879.004){#fig4}

![Variation of*A. salina* larval mortality according to*C. nitida* extracts concentration.](BRI2015-493879.005){#fig5}

###### 

Phytochemical composition of *Cola nitida*\'s bark powder.

  Chemical compound     *Cola nitida*\'s bark
  --------------------- -----------------------
  Alkaloids             **−**
  Tannins               **+**
  Saponosides (MI)      **+ (167)**
  Anthocyanins          **+**
  Flavonoids            **+**
  Steroids              **−**
  Triterpenes           **−**
  Coumarin              **−**
  Reducing compound     **−**
  Glycosides            **+**
  Cyanogenic derivate   **−**

\+ = presence; − = absence; MI: Moss Index.

###### 

Results of agar disc diffusion assays showing the antibacterial activity of some tested microorganisms in the presence of extracts.

  -------------------------------- ----------------------------------- ----------------------------------- ----------------------------------- ----------------------------------- -----------------------------------
  Reference strains                ![](BRI2015-493879.tab2.i001.jpg)   ![](BRI2015-493879.tab2.i002.jpg)   ![](BRI2015-493879.tab2.i003.jpg)   ![](BRI2015-493879.tab2.i004.jpg)   ![](BRI2015-493879.tab2.i005.jpg)
  *Staphylococcus aureus*          *Streptococcus oralis*              *Staphylococcus epidermidis*        *Escherichia coli*                  *Pseudomonas aeruginosa*            
                                                                                                                                                                                   
  Meat isolated *Staphylococcus*   ![](BRI2015-493879.tab2.i006.jpg)   ![](BRI2015-493879.tab2.i007.jpg)   ![](BRI2015-493879.tab2.i008.jpg)   ![](BRI2015-493879.tab2.i009.jpg)   ![](BRI2015-493879.tab2.i010.jpg)
  *Staphylococcus saprophyticus*   *Staphylococcus lentus*             *Staphylococcus haemolyticus*       *Staphylococcus equorum*            *Staphylococcus simulans*           
  -------------------------------- ----------------------------------- ----------------------------------- ----------------------------------- ----------------------------------- -----------------------------------

1′: control, **2**: ethanol extracts, and 2′: ethyl acetate extracts.

###### 

Minimum inhibitory concentrations of *C.  nitida*\'s bark extract on reference strains and meat isolated *Staphylococcus* strains.

  Strains                                  Minimum inhibitory concentrations (mg/ml)   
  ---------------------------------------- ------------------------------------------- -------
  Reference strains                                                                     
    *Staphylococcus aureus*                0.312                                       1.25
    *Pseudomonas aeruginosa*               0.625                                       1.25
    *Proteus mirabilis*                    1.25                                        1.25
    *Micrococcus luteus*                   05                                          2.5
    *Staphylococcus epidermidis*           1.25                                        0.625
    *Proteus vulgaris*                     1.25                                        1.25
    *Streptococcus oralis*                 0.312                                       0.625
    *Enterococcus faecalis*                0.312                                       1.25
    *Escherichia coli*                     ---                                         ---
    *Candida albicans*                     0.625                                       0.312
  Meat isolated *Staphylococcus* strains                                                
    *S. sciuri*                            0.625                                       0.312
    *S. aureus*                            1.25                                        0.312
    *S. simulans*                          0.312                                       0.152
    *S. cohnii*                            0.625                                       0.312
    *S. xylosus*                           1.25                                        0.312
    *S. equorum*                           0.156                                       0.078
    *S. saprophyticus*                     0.312                                       0.078
    *S. haemolyticus*                      0.078                                       0.625
    *S. lentus*                            0.156                                       0.078

###### 

Minimum bactericidal concentrations of *C.  nitida*\'s bark extract on reference strains and meat isolated *Staphylococcus* strains.

  Strains                                  Minimum bactericidal concentrations (mg/ml)   
  ---------------------------------------- --------------------------------------------- -------
  Reference strains                                                                       
    *Staphylococcus aureus*                2.5                                           1.25
    *Pseudomonas  aeruginosa*              2.5                                           2.5
    *Proteus mirabilis*                    10                                            05
    *Micrococcus luteus*                   *\>*20                                        \>20
    *Staphylococcus epidermidis*           2.5                                           2.5
    *Proteus vulgaris*                     10                                            05
    *Streptococcus oralis*                 05                                            2.5
    *Enterococcus faecalis*                2.5                                           1.25
    *Escherichia coli*                     ---                                           ---
    *Candida albicans*                     2.5                                           2.5
  Meat isolated *Staphylococcus* strains                                                  
    *S. sciuri*                            05                                            0.625
    *S. aureus*                            2.5                                           2.5
    *S. simulans*                          2.5                                           2.5
    *S. cohnii*                            05                                            2.5
    *S. xylosus*                           05                                            05
    *S. equorum*                           0.625                                         0.625
    *S. saprophyticus*                     2.5                                           0.625
    *S. haemolyticus*                      2.5                                           2.5
    *S. lentus*                            2.5                                           0.625

###### 

Bactericidal and bacteriostatic effects of *Cola nitida* extracts on reference strains and meat isolated strains.

  Strains                                  CMB/CMI   
  ---------------------------------------- --------- -------
  Reference strains                                   
    *Staphylococcus aureus*                8.01      1^\*^
    *Pseudomonas aeruginosa*               4         2^\*^
    *Proteus mirabilis*                    8         4
    *Micrococcus luteus*                   *\>*4     \>8
    *Staphylococcus epidermidis*           2^\*^     2^\*^
    *Proteus vulgaris*                     8         4
    *Streptococcus oralis*                 16.02     4
    *Enterococcus faecalis*                8.01      1^\*^
    *Escherichia coli*                     ---       ---
    *Candida albicans*                     4         8.01
  Meat isolated *Staphylococcus* strains              
    *S. sciuri*                            8         2^\*^
    *S. aureus*                            2^\*^     8.01
    *S. simulans*                          8.01      16.44
    *S. cohnii*                            4         16.02
    *S. xylosus*                           8         8.01
    *S. equorum*                           4.01      8.01
    *S. saprophyticus*                     8.01      8.01
    *S. haemolyticus*                      32.05     4
    *S. lentus*                            16.02     8.01

With ∗ = bactericidal effects; without ∗ = bacteriostatic effects.

###### 

Parameters of free radical scavenging activity by DPPH radical and ABTS methods.

                          DPPH          ABTS           
  ----------------------- ------------- -------------- --------------
  Ethanol extract         9.00 ± 1.73   5.71 ± 1.23    49.72 ± 0.35
  Ethyl acetate extract   4.53 ± 0.98   11.02 ± 1.49   53.39 ± 0.0
  Quercetin               4.51 ± 0.35   11.11 ± 0.85   ---
  Gallic acid             0.73 ± 0.12   62.74 ± 5.54   ---
  Ascorbic acid           ---           ---            35.02 ± 0.73
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